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ABSTRACT
Superluminous supernovae (SLSNe) are very bright explosions that were only discov-
ered recently and that show a preference for occurring in faint dwarf galaxies. Un-
derstanding why stellar evolution yields different types of stellar explosions in these
environments is fundamental in order to both uncover the elusive progenitors of SLSNe
and to study star formation in dwarf galaxies. In this paper, we present the first re-
sults of our project to study SUperluminous Supernova Host galaxIES, focusing on the
sample for which we have obtained spectroscopy. We show that SLSNe-I and SLSNe-R
(hydrogen-poor) often (∼50% in our sample) occur in a class of galaxies that is known
as Extreme Emission Line Galaxies (EELGs). The probability of this happening by
chance is negligible and we therefore conclude that the extreme environmental condi-
tions and the SLSN phenomenon are related. In contrast, SLSNe-II (hydrogen-rich)
occur in more massive, more metal-rich galaxies with softer radiation fields. There-
fore, if SLSNe-II constitute a uniform class, their progenitor systems are likely different
from those of H-poor SLSNe. Gamma-ray bursts (GRBs) are, on average, not found
in as extreme environments as H-poor SLSNe. We propose that H-poor SLSNe result
from the very first stars exploding in a starburst, even earlier than GRBs. This might
indicate a bottom-light initial mass function in these systems. SLSNe present a novel
method of selecting candidate EELGs independent of their luminosity.
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1 INTRODUCTION
Since Zwicky started the first systematic searches for su-
pernovae (SNe), most events were discovered by monitoring
nearby bright galaxies. With few exceptions, the SNe dis-
covered in this traditional way fell within the framework
of the classical SN classification scheme (e.g. Filippenko
1997). During the last decade, modern transient surveys
(e.g. Quimby et al. 2005; Drake et al. 2009; Law et al. 2009;
Tonry et al. 2012), which do not target specific galaxies,
contributed to the discovery of new classes of transients.
Among these newly established classes, were Superluminous
SNe (SLSNe, e.g. Smith et al. 2007; Ofek et al. 2007; Quimby
et al. 2007), i.e. explosions 10–100 times brighter than or-
dinary SNe (for a review, see Gal-Yam 2012). To date, we
have no good handle of what produces SLSNe, especially
those that do not show hydrogen in their spectra. However,
it is reasonable to assume that the environment plays an
important role in their formation. In the opposite case, and
despite their low volumetric rate (Quimby et al. 2013), it is
possible that SLSNe might have been discovered earlier in
targeted surveys.
The study of SLSN host galaxies is in its infancy. Neill
et al. (2011) presented a first study based on a sample of
17 hosts. However, this study was solely based on archival
data of two photometric bands (SDSS r and GALEX NUV)
with a significant number of non-detections, and a sam-
ple that contained a few ambiguous objects. Despite these
drawbacks, they concluded that SLSNe preferentially occur
in low-mass galaxies with high specific star formation rates
(sSFR). Two individual hosts were studied in detail by Chen
et al. (2013) and Lunnan et al. (2013), who showed that their
metallicities were low (below 0.1 Z). A systematic study
was presented by Lunnan et al. (2014a) focusing on a sam-
ple of 30 SLSN hosts, including 14 objects detected by the
PanSTARRS survey. The main conclusion of their study,
including spectroscopy of 12 objects, was that the hosts of
H-poor SLSNe (no H-rich events were studied) are similar to
Gamma-ray burst (GRB) host galaxies. The authors favour
a magnetar origin for (H-poor) SLSN explosions. Recently,
Chen et al. (2014) and Tho¨ne et al. (2014) studied in detail
the host of PTF12dam and Vreeswijk et al. (2014) exam-
ined the absorption properties towards H-poor SLSN sight
lines. Finally, Lunnan et al. (2014b) presented a resolved
HST study of 16 H-poor SLSN hosts.
Here, we present our own programme to study SLSN
hosts, a project which we have dubbed SUSHIES.1 In this
paper we focus on the sub-sample of SLSN hosts for which
we have secured spectroscopy (until 2014 June). We study
their spectroscopic properties and find important differences
between both H-poor and H-rich SLSN hosts but even be-
tween H-poor SLSN and GRB hosts. We show that H-poor
SLSNe show a preference for a class of low-mass, metal poor,
intensively star-forming galaxies with strong nebular emis-
sion lines and a hard ionizing radiation field, often referred
to as Extreme Emission Line Galaxies (EELGs; e.g. Atek
et al. 2011; Amor´ın et al. 2014a,b). The study of the full
SUSHIES sample, as well as a more detailed analysis of the
properties derived from imaging observations, will be pre-
sented in forthcoming publications (Schulze et al., in prep.).
1 from SUperluminous Supernova Host galaxIES.
Section 2 describes our host sample and how the data
were collected, reduced and analysed. Section 3 presents
our results, and in Section 4 we discuss the implications
of these findings. Section 5 summarizes our conclusions.
Throughout this paper we adopt a Planck Cosmology, i.e.
Ωm = 0.315,ΩΛ = 0.685,H0 = 67.3 (Planck Collaboration
XVI 2014). All errors quoted are at the 1σ level.
2 OBSERVATIONS AND METHODS
2.1 Sample
In SUSHIES we target all hosts of SLSNe that are publicly
announced in telegrams, circulars or refereed publications.
Before PanSTARRS released their SLSN sample (Lunnan
et al. 2014a), the public SLSNe numbered about ∼30 events
in the redshift range 0.1 < z < 1.6, and possibly extending
up to z ∼ 4 (Cooke et al. 2012). We obtain multi-band
photometry for these galaxies using a variety of telescopes,
and we complement our data with archival (e.g. SDSS) and
literature data, when available. For spectroscopy, we have
been using a variety of instruments on 6–10m telescopes,
including FORS2 and X-shooter on the VLT, OSIRIS on
the GTC and IMACS on Magellan. Spectroscopy has been
obtained for the majority of hosts brighter then R = 24 mag.
SUSHIES continues to obtain data. This paper contains data
obtained up to 2014 June. Potential biases arising from the
sample selection are discussed in Section 4.3.
Our present spectroscopic sample (16 objects) is de-
scribed in Table 1, where the essential information on the
SLSNe is given, including their sub-class. We follow the
nomenclature of Gal-Yam (2012), i.e. we separate H-poor
SLSNe into SLSN-I and SLSN-R types according to their
light curve evolution. SLSNe-I decline with a rate faster than
the radioactive decay of 56Co (Quimby et al. 2011b), while
SLSNe-R demonstrate an enduring light curve (e.g. Gal-Yam
et al. 2009). While Nicholl et al. (2013) have shown that
there is a link between these classes, their phenomenological
difference might still reflect important physical differences.
As a starting point, in this paper we report their host proper-
ties separately (e.g. Table 2). With the present sample sizes,
however, we are not able to find significant differences be-
tween their environments and in many cases we group them
together and treat them collectively as H-poor SLSNe. In
contrast to H-poor events, SLSNe-II show hydrogen in their
spectra. All SLSNe-II in this paper belong to the IIn class,
i.e. they show narrow H emission lines. No rare IIL events
are included (such as SN 2008es; Gezari et al. 2009; Miller
et al. 2009).
In addition, we complement our SUSHIES sample with
all spectra that are publicly available in telescope archives.
Details of the archival spectra observations appear below the
horizontal line in Table 1 (seven hosts). For consistency, all
these spectra have been re-reduced2 and re-analysed by us.
There are only five additional SLSN hosts with spectra in the
literature (Lunnan et al. 2014a) that are not treated here.
We do not study the host of SLSN-II CSS100217 (Drake
2 with the exception of the SN 2008am host spectrum, which was
kindly provided to us by Manos Chatzopoulos.
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Table 1. The SLSN host sample, including a log of the spectroscopic observations. The horizontal line separates data obtained
with our programs and data retrieved from archives. Above and below the line, the SNe are listed by discovery year.
SLSN Type Ref. z RA Dec. Instrumenta Resolutionb Exp. Time Date
(J2000) (J2000) (A˚) (s) (UT)
SN 1999as R [1] 0.127 09:16:30.86 +13:39:02.2 OSIRIS 7.1 1800 2014-02-21
SN 1999bd II [1] 0.151 09:30:29.17 +16:26:07.8 IMACS 3.4 3600 2013-02-08
SN 2006oz I [2] 0.396 22:08:53.56 +00:53:50.4 X-shooter 0.8 2700 2012-09-15
SN 2006tf II [3] 0.074 12:46:15.82 +11:25:56.3 FORS2 11.3 2700 2013-05-29
SN 2009jh1 I [4] 0.349 14:49:10.08 +29:25:11.4 X-shooter 1.1 5400 2012-06-17
PTF09cnd I [4] 0.258 16:12:08.94 +51:29:16.1 OSIRIS 13.1 4400c 2013-05-03
SN 2010kd R [5,6] 0.101 12:08:01.11 +49:13:31.1 OSIRIS 12.5 2700 2013-05-17
PTF10heh II [7] 0.338 12:48:52.04 +13:26:24.5 X-shooter 0.7 2880 2014-04-29
PTF10qaf II [1] 0.284 23:35:42.89 +10:46:32.9 IMACS 3.4 3600 2013-09-27
PTF10vqv I [8] 0.452 03:03:06.84 −01:32:34.9 X-shooter 0.7 3060 2013-09-10
SN 2011ke2 I [9] 0.143 13:50:57.77 +26:16:42.8 FORS2 11.3 1800 2013-05-30
SN 2011kf3 I [9] 0.245 14:36:57.53 +16:30:56.6 FORS2 11.4 4500 2013-05-30
PTF11dsf II [10] 0.385 16:11:33.55 +40:18:03.5 OSIRIS 12.1 2700 2013-05-05∗
SN 2012il4 I [9] 0.175 09:46:12.91 +19:50:28.7 IMACS 3.4 4320 2013-02-08
SSS120810 I [11] 0.156 23:18:01.82 −56:09:25.7 FORS2 11.3 3600 2013-05-30
PTF12dam R [12] 0.107 14:24:46.20 +46:13:48.3 OSIRIS 3.6 2400c 2014-02-28
SNLS 06D4eu I [13] 1.588 22:15:54.29 −18:10:45.6 X-shooter 2.2 7200 2010-07-09
SN 2007bi R [14,15] 0.128 13:19:20.00 +08:55:44.0 FORS2 11.3 14400 2008-04-10∗∗
SN 2008am II [16] 0.233 12:28:36.25 +15:35:49.1 LRIS 6.0 2200 2010-01-09
SN 2010gx5 I [4,17] 0.230 11:25:46.71 −08:49:41.4 GMOS-N 13.4 5200 2011-12-23∗∗∗
PTF10hgi I [9] 0.099 16:37:47.04 +06:12:32.3 FORS2 11.7 13600d 2011-06-30∗∗
PS1-10bzj I [18] 0.649 03:31:39.82 −27:47:42.1 GMOS-S 9.1 2700 2011-04-03∗
PS1-11ap R [19] 0.524 10:48:27.73 +57:09:09.2 GMOS-N 12.5 7200 2011-12-27∗∗
Alternative SN names: 1 PTF09cwl, 2 CSS110406:135058+261642, PTF11dij, PS1-11xk, 3 CSS111230:143658+163057,
4 CSS120121:094613+195028, PS1-12fo, 5 CSS100313:112547-084941, PTF10cwr.
References: [1] Gal-Yam (2012), [2] Leloudas et al. (2012), [3] Smith et al. (2008), [4] Quimby et al. (2011b), [5] Vinko et al.
(2012), [6] Quimby et al. (2013), [7] Quimby et al. (2010a), [8] Quimby et al. (2010b), [9] Inserra et al. (2013), [10] Quimby et al.
(2011a), [11] Nicholl et al. (2014), [12] Nicholl et al. (2013), [13] Howell et al. (2013), [14] Gal-Yam et al. (2009), [15] Young et al.
(2010), [16] Chatzopoulos et al. (2011), [17] Pastorello et al. (2010), [18] Lunnan et al. (2013), [19] McCrum et al. (2014).
Notes: The coordinates refer to the SN. a OSIRIS on GTC, IMACS on Magellan, X-shooter and FORS2 on VLT, LRIS on Keck,
GMOS-N and -S on Gemini-N and -S, respectively, b As measured directly on the strongest skylines between 5500−6300 A˚ (except
SNLS 06D4eu for which the resolution refers to the NIR arm), c Shared between two different grisms, d Data obtained under ESO
programme 087.D-0601 (PI: P. Mazzali), ∗ Mild or possible SN contamination, ∗∗ Significant SN contamination, ∗∗∗ Supplemented
in the blue by a SN spectrum from Pastorello et al. (2010) (see Chen et al. 2013).
et al. 2011), which is known to have a significant active galac-
tic nucleus (AGN) contribution. However, we do include it
in the discussion to emphasize the difference between the
H-poor and H-rich SLSN environments.
2.2 Reductions and analysis
All spectra have been reduced, extracted, wavelength and
flux-calibrated in a standard way with a combination of
iraf3 and custom routines. Subsequently, the spectra were
scaled with the host photometry (presented in Schulze et al.,
in prep.) and corrected for foreground extinction (Schlafly
& Finkbeiner 2011) based on a Cardelli et al. (1989) law,
assuming RV = 3.1. In most cases, scaling with one pho-
tometric band proved satisfactory (demonstrating that the
flux calibration of the spectra is generally accurate), but
in a handful of cases, we had to warp the spectra in order
3 iraf is distributed by the National Optical Astronomy Observa-
tory, which is operated by the Association of Universities for Re-
search in Astronomy (AURA) under cooperative agreement with
the National Science Foundation.
to match multi-band photometry. A few spectra, especially
archival and for H-poor SLSNe (Table 1), suffer from signif-
icant SN contamination, as the main objective of these ob-
servations was to study the SN. These spectra were scaled
with the appropriate SN photometry reported in the cor-
responding references (Table 1). The final host spectra are
shown in Figs. B1–B4. We do not show spectra containing
the SNe and that have been shown elsewhere.
Line fluxes and equivalent widths (EWs) were measured
by fitting Gaussian profiles to the emission lines. Weaker
lines (such as Hγ, [O iii] λ4363 and [N ii] λ6584) were fit
together with stronger lines (mainly [O iii] λ5007 and Hα),
in order to keep their central wavelength and FWHM con-
strained. We only found gaussians to be a bad approximation
for the line profiles of one galaxy in which case direct inte-
gration was used. When either [O iii] λ4959 or λ5007 were
obviously affected by skylines or telluric absorption and their
measured ratio deviated significantly from the canonical 1:3
ratio, we used this ratio and the line that was not affected
in order to calculate the flux of the affected line. For spec-
tra contaminated by SN continuum, the measured EWs are
strict lower limits to the true EW of the lines. The fluxes
of the nebular lines are not affected by the presence of the
c© 2002 RAS, MNRAS 000, 1–??
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Table 2. Measured and derived properties of the SLSN host galaxies. The SNe are grouped by type and then listed
by discovery year. For three SNe we provide measurements at two different locations. For these cases we only quote
the total stellar mass of the galaxy.
SLSN host Type MB Stellar mass E(B − V ) SFR (Hα) WHα Wλ5007
(AB mag) (log M) (mag) (M yr−1) (A˚) (A˚)
SN 1999as R -18.02 8.60+0.12−0.09 0.66 (0.46) 0.18 (0.19) 10.67 (0.84) 4.41 (0.78)
– SN location . . . . . . 0.25 (0.17) 0.04 (0.02) 179.78 (12.53) 102.57 (7.37)
SN 2007bi R -16.69 7.54+0.28−0.28 0.13 (0.16) 0.02 (0.01) > 13.42 > 7.33
∗
SN 2010kd R -15.80 7.85+0.63−0.43 0.06 (0.06) 0.07 (0.01) 233.96 (3.29) 190.90 (2.34)
PS1-11ap R -19.32 8.63+0.15−0.17 -0.55 (0.33) 0.57 (0.45) . . . > 42.31
∗
PTF12dam R -19.14 8.24+0.39−0.08 0.03 (0.01) 4.83 (0.09) 731.14 (0.53) 794.25 (0.64)
SN 2006oz I -16.16 8.54+0.28−0.19 0.18 (0.41) 0.13 (0.12) 52.38 (5.29) 33.41 (3.84)
SNLS 06D4eu I . . . 9.33+0.34−0.35 -0.22 (0.15) 3.01 (1.04) 77.53 (3.67) 99.06 (4.81)
PTF09cnd I -17.70 8.12+0.17−0.18 0.18 (0.11) 0.21 (0.05) 61.60 (0.65) 45.63 (2.30)
SN 2009jh I -15.77 7.61+0.75−0.47 . . . < 0.01 . . . . . .
SN 2010gx I -17.28 7.80+0.08−0.42 0.01 (0.15) 0.46 (0.16) 302.88 (2.10) 329.74 (2.81)
PTF10hgi I -16.93 7.23+0.10−0.06 0.91 (0.42) 0.04 (0.04) > 13.18 > 6.55
∗
PTF10vqv I -18.30 8.09+0.37−0.23 -0.43 (0.01) 0.45 (0.01) 139.08 (24.47) 524.23 (87.74)
PS1-10bzj I -18.11 8.61+0.47−0.25 0.19 (0.16) 6.04 (2.28) . . . 384.62 (4.21)
SN 2011ke∗∗ I -16.87 8.04+0.16−0.13 0.02 (0.02) 0.44 (0.02) 820.92 (6.28) 760.79 (5.31)
– tadpole tail∗∗ -16.97 . . . 0.23 (0.07) 0.03 (0.01) 31.60 (0.99) 21.13 (0.93)
SN 2011kf I -16.33 7.58+0.20−0.28 0.22 (0.13) 0.15 (0.05) 174.21 (8.19) 119.35 (6.02)
SN 2012il I -17.69 7.96+0.19−0.20 0.04 (0.07) 0.40 (0.07) 182.40 (5.09) 265.65 (4.36)
SSS120810 I -16.62 7.96+0.24−0.26 0.05 (0.24) 0.06 (0.04) 115.12 (7.09) 33.91 (3.82)
SN 1999bd II -18.99 9.52+0.26−0.24 0.49 (0.13) 1.09 (0.34) 36.50 (1.03) 9.11 (0.89)
SN 2006tf II -16.72 7.70+0.04−0.04 0.43 (0.12) 0.09 (0.03) 41.09 (1.15) 16.45 (0.77)
SN 2008am II -20.12 9.13+0.19−0.14 0.35 (0.12) 1.38 (0.39) 21.55 (1.13) 11.07 (0.75)
PTF10heh II -18.00 8.36+0.18−0.17 -0.17 (0.11) 0.15 (0.04) 125.60 (4.80) 77.01 (3.76)
PTF10qaf II -21.72 10.24+0.22−0.17 0.25 (0.12) 3.13 (0.89) 17.66 (0.40) 1.86 (0.42)
– SN location . . . . . . -0.36 (0.44) 0.18 (0.19) 42.44 (4.65) 19.66 (5.83)
PTF11dsf II -20.07∗∗∗ 8.97+0.11−0.11 0.02 (0.06) 2.79 (0.42) 39.56 (1.16) 123.37 (2.38)
∗ These equivalent widths were measured on spectra with strong SN contamination and they are therefore strict
lower limits.
∗∗ SN 2011ke exploded at the ‘head’ of a ‘tadpole’ galaxy. The other extraction refers to the ‘tail’ of this galaxy.
∗∗∗ This magnitude differs considerably from what is measured in SDSS. There is the possibility that our observations
are still contaminated by the SN or by an AGN (see Appendix A3).
SN. The measured line fluxes for the most important lines
are reported in Table B1. If a line was not detected, we pro-
vide 2σ upper limits. In the case of SN 2009jh we detected
neither continuum nor line emission from the host galaxy
and we provide upper limits for [O iii] λ5007 and Hα, which
are expected to give the most constraining non-detections.
EWs for [O iii] λ5007 (Wλ5007) and Hα (WHα) are given
in Table 2. All EWs quoted in this paper are reported in
the rest frame (unless otherwise indicated). In a handful
of cases where the host was spatially resolved or displayed
multiple components it was possible to extract spectra at
different locations, including the explosion location. The re-
sulting measurements for these cases are reported separately
in Tables 2, 3 and B1.
The host galaxy extinction has been estimated from the
Balmer decrement (from the ratio Hα/Hβ or Hγ/Hβ when
Hα was not available) and the host galaxy spectrum was
corrected accordingly, assuming case B recombination (Os-
terbrock 1989). In a few cases E(B − V ) was found to be
(marginally) negative so no correction was applied.
We used different strong-line diagnostics to compute the
host metallicity in different scales. A direct comparison be-
tween metallicities is only meaningful when reported in a
common scale as large systematic differences between differ-
ent calibrations exist (Kewley & Ellison 2008, and references
therein). In Table 3 we provide metallicities in the following
scales: M91 (McGaugh 1991), KK04 (Kobulnicky & Kewley
2004), N2 and O3N2 (Pettini & Pagel 2004). In many cases,
predominantly for galaxies hosting H-poor SLSNe, the [N ii]
line was not detected (an indication of low metallicity) and
only an upper limit for the N2 and O3N2 scales can be com-
puted. For the R23-based scales (M91 and KK04) that are
double-valued, whenever we are not able to break the degen-
eracy (using criteria in Nagao et al. 2006; Kewley & Ellison
2008), we report the values for both branches. In addition,
we quote the ionization parameter log (q) that determines
how strongly ionized the gas is, as computed iteratively to-
gether with the KK04 metallicity (Kewley & Ellison 2008).
For a sub-sample of seven SLSN hosts (all H-poor) we detect
the auroral [O iii] λ4363 line and we are able to compute the
metallicity through the direct (Te) method.
Finally, we estimate the star formation rate (SFR)
based on the Hα (or scaled Hβ) flux and the relation in
Kennicutt (1998), assuming an initial mass function (IMF)
from Chabrier (2003).
In addition to the spectroscopic properties of the SLSN
c© 2002 RAS, MNRAS 000, 1–??
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Table 3. Derived metallicities for the SLSN hosts in different scales. The units are always 12 + log(O/H).
The quoted errors are only the measurement errors. Systematic errors for the individual metallicity scales
are not included. In case it is not possible to select between two metallicity branches, both solutions are
shown. The last column shows the ionization parameter in units of cm s−1. The SNe are grouped by type
and then listed by discovery year. For three SNe we provide measurements at two different locations.
SLSN host Type M91 N2 O3N2 KK04 direct (Te) log (q)
SN 1999as R . . . 8.56 (0.06) 8.39 (0.07) . . . . . . . . .
– SN location . . . < 8.29 < 8.22 . . . . . . . . .
SN 2007bi R 8.20 (0.12) 8.20 (0.06) 8.19 (0.05) 8.37 . . . 7.53
SN 2010kd R 7.93 (0.06) 8.07 (0.05) 8.02 (0.04) 8.17 7.50 (0.06) 8.03
PS1-11ap R 8.16/ 8.49 . . . . . . 8.34/ 8.57 . . . 7.63/ 7.74
PTF12dam R 8.17 (0.01) 8.09 (0.01) 8.01 (0.01) 8.37 8.06 (0.04) 8.05
SN 2006oz I 8.36 (0.27) < 8.70 < 8.41 8.41 . . . 7.54
SNLS 06D4eu I 8.54 (0.08) 8.28 (0.04) 8.23 (0.03) 8.64 . . . 7.90
PTF09cnd I 8.33/ 8.38 8.24 (0.06) 8.22 (0.05) 8.37/ 8.52 . . . 7.52/ 7.46
SN 2009jh I . . . . . . . . . . . . . . . . . .
SN 2010gx I 7.98 (0.04) 7.92 (0.04) 7.93 (0.02) 8.20 7.36 (0.04) 8.01
PTF10hgi I . . . 8.38 (0.05) 8.26 (0.06) . . . . . . . . .
PTF10vqv I 7.98 (0.01) < 8.12 < 8.07 8.21 7.77 (0.20) 7.97
PS1-10bzj I 8.09 (0.06) . . . . . . 8.30 8.13 (0.04) 8.14
SN 2011ke I 7.83 (0.02) < 7.83 < 7.91 8.09 7.55 (0.04) 7.97
– tadpole tail 8.20/ 8.53 < 8.29 < 8.25 8.19/ 8.65 . . . 7.50/ 7.34
SN 2011kf I 8.14 (0.12) < 8.29 < 8.21 8.33 . . . 7.80
SN 2012il I 8.10 (0.06) < 8.10 < 8.03 8.31 7.81 (0.07) 8.08
SSS120810 I 7.97 (0.19) < 8.23 < 8.27 8.18 . . . 7.44
SN 1999bd II 8.44 (0.09) 8.62 (0.02) 8.52 (0.02) 8.58 . . . 7.24
SN 2006tf II 8.27/ 8.46 8.27 (0.03) 8.27 (0.03) 8.32/ 8.58 . . . 7.40/ 7.31
SN 2008am II 8.48 (0.07) 8.35 (0.03) 8.35 (0.02) 8.61 . . . 7.46
PTF10heh II 8.67 (0.05) 8.33 (0.03) 8.31 (0.02) 8.81 . . . 7.97
PTF10qaf II 8.85 (0.04) 8.74 (0.02) 8.68 (0.04) 9.01 . . . 7.48
– SN location 8.68 (0.20) 8.48 (0.12) 8.44 (0.09) 8.84 . . . 7.69
PTF11dsf II 8.12/ 8.51 < 8.18 < 8.15 8.31/ 8.60 . . . 7.66/ 7.80
hosts, for the discussion presented in this paper, we re-
quire the galaxy stellar mass M∗. The masses are obtained
through SED fitting and they are reported in Table 2. The
SED fitting is done by using LePhare (Arnouts et al. 1999;
Ilbert et al. 2006) in a way similar to Kru¨hler et al. (2011).
More details will be given in Schulze et al. (in prep.) where
the SED fits will also be presented. Briefly, we used a grid
of ∼ 106 synthetic galaxy templates based on Bruzual &
Charlot (2003) with different star formation histories (SFH),
ages, metallicities and dust reddenings assuming a Chabrier
(2003) IMF to fit the available photometry. The attenua-
tion of star light by dust follows Calzetti et al. (2000), and
the contribution of emission lines to the broad-band mag-
nitudes is taken into account through their relation to the
galaxy’s SFR (Kennicutt 1998). The stellar mass that we
provide is the median of the probability-weighted distribu-
tion of the parameter, with errors denoting the 1σ bounds
on the distribution. Finally, in Table 2, we report the galax-
ies’ absolute magnitude MB . In most cases this has been
computed by using a full K-correction (Hogg et al. 2002)
based on the photometry and the galaxy spectrum itself.
For spectra where the continuum signal was too weak, we
used a simpler 2.5 log (1 + z) correction, accounting for cos-
mological expansion.
2.3 Other galaxy samples
2.3.1 GRB hosts
To form a meaningful comparison sample for our SUSHIES
spectroscopic sample we have selected all (long) GRB hosts
with emission-line measurements reported in the literature.
To this end, we have extensively used the GHostS data base4
(Savaglio et al. 2009). Our final GRB sample consists of 23
galaxies (Han et al. 2010; Levesque et al. 2010a; Rau et al.
2005; Della Valle et al. 2006; Wiersema et al. 2007; Chris-
tensen et al. 2008; Tho¨ne et al. 2008; Levesque et al. 2010b;
Vergani et al. 2011; Piranomonte et al. 2011; Kru¨hler et al.
2012; Niino et al. 2012; Schulze et al. 2014), of which a hand-
ful also have resolved spectroscopy at the site of the explo-
sion. We have computed line flux ratios and have determined
host extinction, metallicities and SFRs in the same way as
for SLSNe and we have used the stellar masses that are
quoted in GHostS. We have checked that the GHostS stellar
masses agree well (within 1σ) with the ones produced by our
SED fitting method for the same data (Kru¨hler et al. 2011).
All GRB hosts lie at z < 1, with the exception of one
galaxy at z = 1.6 (Kru¨hler et al. 2012). Since this is also
the case for the SUSHIES sample (i.e. all hosts at z < 1,
except one at z = 1.6; Howell et al. 2013), we do include
these two individual objects at higher redshift. The median
redshift for the literature GRB host sample is z = 0.47, while
4 www.grbhosts.org
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the one for SLSN hosts is z = 0.31. H-poor SLSNe have a
median redshift of z = 0.34 (with z = 0.39 for SLSN-I and
z = 0.20 for SLSN-R), while SLSN-II are found at a median
redshift z = 0.24. Typical dispersions (as measured by the
standard deviation) are of the order of 0.2 in redshift. So
although differences do exist, we demonstrate in Section 4.3
that the redshift ranges are similar enough to not cause large
systematic effects.
Since EWs are rarely reported in the literature, for the
Wλ5007 distribution of GRB hosts we have used a differ-
ent sample5, the one of all z < 1 galaxies belonging to the
TOUGH survey (Hjorth et al. 2012). This sample has the
additional advantage that it is complete and unbiased, as
it was selected independent of the GRB optical emission
(Hjorth et al. 2012). The z < 1 TOUGH sample consists
of 12 hosts at a median redshift of z = 0.59 (i.e. it is more
distant on average than the literature sample).
2.3.2 Extreme emission line galaxies
As SLSN hosts often exhibit strong nebular emission, we
wanted to compare our sample with other galaxies that
have similar properties. To this end, we have chosen two
samples of EELGs recently presented by Amor´ın et al.
(2014a,b). These are galaxies that were selected to have
Wλ5007 > 100 A˚ in deep spectroscopic surveys, and specifi-
cally the zCOSMOS-20k (Lilly et al. 2009) and the VIMOS
Ultra-Deep Survey (VUDS; Le Fevre et al. 2014). These sam-
ples lie also at z < 1 (median z = 0.48 for 165 zCOSMOS
and z = 0.57 for 31 VUDS galaxies). EELGs are similar in
properties to the more nearby blue compact dwarfs (BCDs;
Thuan & Martin 1981), H ii galaxies (Terlevich et al. 1991)
and the SDSS colour-selected Green Peas (Cardamone et al.
2009; Izotov et al. 2011; Amor´ın et al. 2010, 2012a). How-
ever, they offer the advantage that they consist of a large
homogeneous sample and that their redshift range is more
similar to the SLSN and GRB hosts. For this reason, we
preferred these as a comparison sample over the other star-
burst dwarfs. Especially the zCOSMOS EELG sample is
well-defined in the sense that it represents the tip of the
Wλ5007 distribution of a much larger (∼20,000) galaxy sam-
ple, which is purely magnitude limited (IAB < 22.5 mag)
but with no further selection biases. All EELG spectroscopic
properties were re-computed consistently with SLSN hosts,
based on the measured emission line fluxes in Amor´ın et al.
(2014a,b).
2.3.3 Core-collapse SN hosts
There is no suitable sample of regular core-collapse (CC) SN
hosts in the literature that we can use to compare with our
spectroscopic SUSHIES sample. Lunnan et al. (2014a) use
the GOODS sample (Fruchter et al. 2006; Svensson et al.
2010). However, this sample is not good for our purposes
as it does not contain spectroscopic properties (such as line
fluxes and metallicities) but only properties derived by the
photometry and SED fits. For this reason, and despite the
redshift discrepancy, we have decided to use more nearby
CC SN samples to overcome these problems. Leloudas et al.
5 unpublished data; Malesani et al., in prep.
(2011) and Sanders et al. (2012) provide line fluxes for the
hosts of Stripped Envelope (SE) CC SNe (i.e. CC SNe that
have been stripped of their H). We have used these data to
determine line ratios, metallicities and ionization fractions,
selecting only SNe that were discovered in impartial surveys
(i.e. surveys that do not target specific galaxies). EWs were
only measured in the spectra of Leloudas et al. (2011) to
which we have access. In addition, we calculated the stellar
masses for the sub-sample of these galaxies for which data is
available in SDSS. This was done by running our SED fitter
on the Petrosian SDSS ugriz magnitudes in the same way
that this was done for SLSNe. A visual inspection was per-
formed to make sure that the correct host was picked and
that the correct magnitudes were used. The final number of
galaxies for which both stellar masses and (at least some)
line fluxes are available is 38 (after rejecting a couple of
ambiguous cases). Due to various uncertainties affecting the
absolute flux scaling (such as the usually unknown percent-
age of galaxy coverage, slit losses, and observational details)
it is not possible to use the line fluxes of this spectroscopic
sample in order to determine absolute quantities, such as
SFR. To compare the sSFR (derived from Hα) in CC SN
hosts with the other galaxy samples in this paper, we have
used a sample from Kelly & Kirshner (2012) that contains
this information, together with the galaxy stellar mass. We
caution, however, that the SFRs quoted by Kelly & Kirshner
(2012) are those within the SDSS fibre (3′′arcsec aperture)
and thus represent a lower limit to the true values. However,
this effect should be less important for the hosts of impar-
tially selected SNe that we use in this study, because they
are typically smaller than the hosts of SNe found in targeted
surveys (Kelly & Kirshner 2012). The median redshift of all
CC SN host samples used in this paper is z ∼ 0.04 (see
Section 4.3 for a discussion on the effect of this potential
bias).
3 RESULTS
3.1 Mass and metallicity
A mass-metallicity graph (e.g. Tremonti et al. 2004) for
SLSN and GRB hosts is presented in Fig. 1. For this graph
we have selected the R23 scale, and specifically the M91
calibration, in order to maximize the number of both SLSN
and GRB host metallicities. In addition, we show data from
SDSS, based on the line fluxes provided by the MPA-JHU
group (e.g. Kauffmann et al. 2003; Brinchmann et al. 2004),
the EELGs from Amor´ın et al. (2014a,b) and a sample of
stripped CC SN hosts discovered in galaxy impartial surveys
(Leloudas et al. 2011; Sanders et al. 2012).
A simple inspection of the graph immediately shows
that SLSN and GRB hosts do not occupy the same region
as SDSS galaxies, which are more massive and more metal-
rich. In contrast, they seem to occupy a region similar to
the EELGs. This is unlike the SNe Ibc hosts which are well
represented in the SDSS cloud. The issue of whether GRB
hosts lie below the main mass-metallicity relation of star
forming galaxies has been extensively discussed in the lit-
erature (e.g. Levesque et al. 2010a; Mannucci et al. 2011;
Graham & Fruchter 2013). An offset of 0.3 dex has also
been found between SDSS galaxies and Green Peas of simi-
lar masses (Amor´ın et al. 2010). It is beyond the scope of this
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Figure 1. A mass-metallicity diagram for SLSN hosts in the R23 calibration of McGaugh (1991). H-poor SLSN hosts are marked with
blue symbols: circles for SLSNe-I and squares for SLSNe-R. H-rich SLSN hosts are marked in red. An overlaid X signifies a metallicity
measurement at the exact explosion site. Also shown are GRB hosts (violet), stripped envelope CC SN hosts from un-targeted surveys
(orange circles for regular events and orange squares for broad-lined events), EELGs (green) and SDSS galaxies (gray). When it is not
possible to distinguish between the 2 metallicity branches, both solutions are plotted and are connected with a solid line. In addition,
for clarity, upper branch solutions are marked with different symbols than the lower branch: diamonds instead of circles and rightward
pointing triangles instead of squares (applies to SLSNe-R and SNe Ic-BL). The metallicity error bars shown include only the flux
measurement errors (not available for many hosts in the GRB literature sample). The systematic uncertainty related to the M91 scale
is ∼ 0.15 dex (Kewley & Ellison 2008). Metallicities for all samples have been computed in a consistent manner based on measured
emission line fluxes.
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paper to determine whether SLSNe occur below the SDSS
mass-metallicity relation. It is possible that they also form
an extension towards lower masses, as there is only a small
number of low-mass (M < 108.5 M) galaxies in SDSS.
The derived host galaxy masses (Table 2) suggest that
H-poor SLSNe hosts appear to be less massive than the GRB
hosts: the majority of the former lie below logM∗ = 8.6,
while the opposite is true for the latter (Fig. 1). The for-
mal p value for a Kolmogorov-Smirnov (KS) test among the
mass distributions presented in this paper is 1.7 × 10−5. A
statistically significant difference (> 2.7σ) between the mass
distributions of H-poor SLSN and GRB hosts was also ob-
served by Lunnan et al. (2014a), despite their conclusion
that GRB and H-poor SLSN hosts are similar. We caution,
however, that the galaxies in the SUSHIES spectroscopic
sample are not suitable for studying mass distributions as
they have been selected from galaxies for which spectroscopy
is available. In any case, including fainter galaxies for which
spectroscopy was not attempted will skew the mass distribu-
tion of H-poor SLSN hosts to even lower values with respect
to GRB hosts. We do not see any significant difference be-
tween the masses of SLSN-R and SLSN-I hosts (p = 0.68),
while SLSNe-II are found in more massive hosts on average:
a KS test gives p = 0.04 indicating that the difference with
H-poor SLSN hosts is statistically significant at the 2σ level.
Figure 2 (left panel) shows the metallicity distributions
for the galaxy samples shown in Fig. 1. Here, double-valued
metallicities have been averaged for the galaxies that it was
not possible to distinguish between the upper and the lower
M91 branch (Table 3). The distributions of H-poor SLSN
hosts, GRB hosts and EELGs are statistically indistinguish-
able, something that is also confirmed by KS tests (p val-
ues > 0.10). In general, H-poor SLSNe seem to occur in
low-metallicity galaxies. The median in the M91 scale dis-
played is 0.27 Z (log (12 + O/H) = 8.12) and the full range
is 0.14–0.71 Z (where we are using the solar abundances
from Asplund et al. 2009). In contrast, H-rich SLSNe appear
in more metal-rich galaxies (0.4 – 1.0 Z) and the differ-
ence with H-poor SLSN hosts is significant at the 3σ level
(p = 0.006). The distribution of H-rich SLSN host metallici-
ties is instead consistent with the metallicity distribution of
the (stripped) CC SNe (p = 0.96).
We conclude that metallicity is not an important pa-
rameter differentiating H-poor SLSN from GRB environ-
ments (see also Lunnan et al. 2014a). It is, however, an im-
portant difference between H-poor and H-rich SLSN hosts.
3.1.1 Direct metallicities
For seven H-poor SLSN hosts we were able to measure a
more accurate metallicity based on the detection of [O iii]
λ4363 and the direct (Te) method. We use the nebular pack-
age in iraf (Shaw & Dufour 1995) to determine the gas
phase temperatures and densities from the measured emis-
sion line fluxes. To derive the total oxygen abundances we
add the abundances from single and double ionized oxygen
levels using the equations in Izotov et al. (2006). We thus in-
creased the number of SLSN hosts (Chen et al. 2013; Lunnan
et al. 2013, 2014a) with a direct metallicity measurement by
three galaxies. Our measurements suggest lower metallicities
(0.04–0.27 Z) than those obtained using any other metal-
licity scale. This is because strong-line methods are not well
calibrated at such low metallicities. The values obtained are
similar to those of many EELGs with a detection of [O iii]
λ4363 (Amor´ın et al. 2014a). Among these seven galaxies
there are three where the metallicity is less than 0.07 Z,
i.e. there is an unusually high percentage of extremely metal-
poor galaxies among H-poor SLSN hosts. The correspond-
ing percentage in SDSS is < 0.01% (Papaderos et al. 2008;
Morales-Luis et al. 2011).
3.2 Ionization and emission line strength
In the middle panel of Fig. 2 we show the ionization pa-
rameter for the same samples as in the left-hand panel. The
ionization parameter q is defined as the flux of the ionizing
photons divided by the gas density. We observe that H-poor
SLSN hosts are found in environments where the gas is more
ionized than stripped CC SNe, H-rich SLSNe and GRBs.
GRB hosts have a median log (q) = 7.59, a value similar to
those of SLSN-II and stripped CC SN hosts. These three dis-
tributions are statistically indistinguishable with KS test p
values > 0.9. In contrast, H-poor SLSN hosts have a median
log (q) = 7.93 and their log (q) distribution is different than
the one of GRBs at a significance higher than 2σ (p = 0.023).
In addition, H-poor SLSNe are the only transients that are
found in host galaxies that are not inconsistent with being
drawn from the EELGs log (q) distribution (p = 0.08).
What is especially striking in the case of H-poor SLSN
hosts is the strength of the emission lines in their spectra
(see Figs. B1–B4). The right-hand panel of Fig. 2 shows
the distribution of EWs for the galaxy samples studied in
this paper. From all the galaxies that host different kinds
of explosions, we see a sequence in the Wλ5007 distributions
as we move from the environments of SNe Ibc (Leloudas
et al. 2011) and SLSN-II (although these two first samples
are small), to those of GRBs (the complete z < 1 TOUGH
sample) and finally to those of H-poor SLSNe. The latter
have a median value of 191 A˚ and contain values reach-
ing almost 800 A˚. We see no significant difference between
SLSN-R and SLSN-I environments (p = 0.68) and we there-
fore group them together. For resolved galaxies, we have
used the values at the SN explosion locations. Wλ5007 lower
limits (lines measured on spectra contaminated by SN con-
tinuum) appear as arrows in Fig. 2. The KS test p values are
0.03 between H-poor and H-rich SLSN hosts (i.e. different
at > 2σ) and 0.11 between H-poor SLSN hosts and GRB
hosts. In addition, the H-poor SLSN host distribution is the
only distribution that is not inconsistent with the one of the
zCOSMOS EELGs (p = 0.07, all others < 10−4), despite the
fact that the latter were selected to have Wλ5007 > 100 A˚.
In our sample, more than 50% of the H-poor SLSN hosts
have Wλ5007 > 100 A˚, which makes them de facto EELGs.
Although the exact number depends on how we treat re-
solved locations and lower limits, the high EELG represen-
tation within our H-poor SLSN host sample cannot have
happened by chance. EELGs are a rare galaxy class (less
than 0.5% in SDSS and ∼1% in zCOSMOS; Amor´ın et al.
2014a) and a simple binomial test reveals that the chance
of getting eight EELGs in a sample of 16 galaxies (as is the
case for our H-poor SLSN hosts) is negligible (p ∼10−12). In
fact, it would be highly improbable (p = 0.05%) to obtain
even three galaxies with Wλ5007 > 100 A˚ by pure chance in
such a small sample.
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Figure 2. Normalized cumulative distributions for the nebular properties of different galaxy samples. Left: Metallicity (M91 scale).
H-poor SLSNe are found in more metal-poor environments than H-rich events (p = 0.006). The metallicity distribution of H-poor SLSN
hosts is statistically indistinguishable from those of GRB hosts and EELGs. Middle: Ionization parameter log(q). H-poor SLSNe are
found in harder radiation fields than GRBs, H-rich SLSNe and stripped CC SNe. Right: The rest-frame EW of [O iii] λ5007. Upper and
lower limits are shown with triangles pointing left and right respectively. H-poor SLSNe occur in galaxies with stronger emission lines
than CC SNe, H-rich SLSNe and GRBs. The EELGs (Amor´ın et al. 2014a) were by definition selected to have Wλ5007 > 100 A˚. The
GRB host sample in this panel (the z < 1 TOUGH sample) is different than the GRB literature sample in the other figures.
We conclude that H-poor SLSNe show a preference
for exploding in EELGs, while this is not the case for H-
rich SLSNe. In addition, there is evidence supporting that
H-poor SLSN environments are more extreme and have a
harder ionization field than those of GRBs.
Another way to look at this is by examining a BPT
(Baldwin et al. 1981) diagram (Fig. 3). We observe that
the H-poor SLSN location is similar to the one of EELGs:
at any given [N ii]/Hα ratio, the large majority of H-poor
SLSN hosts have log([O iii]/Hβ) > 0.5, while this is only
true for about half the GRB hosts. SLSN-II hosts seem to
better follow the emission line ratios of the SDSS star form-
ing galaxies. The same is true for impartially selected SNe Ic
(Leloudas et al. 2011; Sanders et al. 2012), some of which are
found in galaxies with very low [O iii]/Hβ ratios. We notice,
however, that a significant fraction of broad-lined SNe Ic (Ic-
BL) seem to explode in galaxies that have high [O iii]/Hβ
ratios. SNe Ic-BL have been shown to be related to GRBs
(e.g. Hjorth et al. 2003) and have also spectroscopic simi-
larities with SLSNe-I at post-maximum phases (Pastorello
et al. 2010). Many studies suggest that these explosions oc-
cur in different environments than normal SNe Ic (e.g. Ar-
cavi et al. 2010; Modjaz et al. 2011; Sanders et al. 2012;
Kelly & Kirshner 2012) and their locations on the BPT di-
agram might constitute another important difference. The
location on the BPT diagram has a complex dependence on
parameters like metallicity, ionization, age and temperature
(e.g. Dopita et al. 2000, 2006; Pe´rez-Montero & Dı´az 2005;
Levesque et al. 2010c; Steidel et al. 2014; Sa´nchez et al.
2015). In general, along the star forming sequence, there are
locations of the graph that are strongly dependent on the
ionization parameter (e.g. Levesque et al. 2010c) and the
most strongly ionized H ii regions are found on the upper
left corner of the BPT diagram (Sa´nchez et al. 2015). In
the region of interest for H-poor SLSN hosts, an increase in
q leads to an increase in the [O iii]/Hβ ratio and we have
marked this on our graph with a qualitative arrow similar
to Kewley et al. (2013a). But also the effective temperature
can increase the [O iii]/Hβ for a given ionization parameter
and metallicity (Pe´rez-Montero & Dı´az 2005; Steidel et al.
2014) by up to 0.15 dex (Fig. 3). This shows that the pres-
ence of very hot massive stars can be an important factor
shaping the environments of H-poor SLSNe.
3.3 Specific star formation rate
EELGs are among the galaxies with the highest sSFR in the
Universe (e.g. Cardamone et al. 2009; Amor´ın et al. 2014a;
Maseda et al. 2014). In Fig. 4, we show that the location
of EELGs in the mass–sSFR plane is clearly separated from
the main locus of SDSS galaxies by more than 2 dex in the
vertical axis. Only few SDSS galaxies are found in the same
region. Evolution with redshift cannot account for more than
0.5 dex of this difference (see Section 4.3).
SLSN hosts are also forming stars at a high pace relative
to their small masses. Figure 4 shows that H-poor SLSNe
are mostly found in an area similar to the EELGs, although
perhaps not at the most extreme region. GRBs and H-rich
SLSN hosts are found both in the EELG and the SDSS lo-
cus. The median sSFR (in log) within this sample are −8.53
yr−1 for SLSN-I hosts, −8.98 yr−1 for SLSN-R hosts and
−9.09 yr−1 for SLSN-II hosts. The differences between the
different SLSN subtypes are not statistically significant. In
comparison, the median values obtained for the GRB litera-
ture spectroscopic sample and the EELG sample are −9.15
yr−1 and −8.21 yr−1, respectively. The p value between the
GRB and the H-poor SLSN hosts sSFR distributions is 0.25.
Standard deviations are of the order of 0.4–0.5 dex for these
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Figure 3. BPT diagram for SLSN hosts and comparison galaxy samples. The symbols for SLSN-I, SLSN-R, SLSN-II, GRB hosts and
EELGs are the same as in Fig. 1. Upper limits (due to [N ii] non-detections) are marked with arrows. SN Ic hosts from impartial surveys
are shown in orange. Squares mark the environments of SNe Ic-BL and circles those of regular SNe Ic. The solid and the dashed lines
are the AGN separation lines from Kewley et al. (2001) and Kauffmann et al. (2003), respectively. We also show an indicative separation
line from the redshift-dependent models of Kewley et al. (2013b) at z = 0.4 (dotted line). The inset shows a grid of photoionization
models from Pe´rez-Montero & Dı´az (2005) that highlight the dependence on temperature and metallicity. This grid has been calculated
for an ionization parameter of log (q) = 7.7 and for metallicities of 7.62, 7.92, 8.22, 8.62 and 8.92 dex (increasing from left to right on
the isotemperature lines). An arrow marks the qualitative dependence on the ionization parameter in a relevant location of the BPT
diagram (e.g. Kewley et al. 2013a). H-poor SLSNe, like EELGs, are found almost exclusively at locations with log([O iii]/Hβ) > 0.5 for
any given [N ii]/Hα ratio. GRB hosts are also found in less ionized environments. Most H-rich SLSNe are consistent with the locus of
SDSS star forming galaxies.
samples. In contrast, the impartially selected CC SNe of
Kelly & Kirshner (2012), are found in more quiescent galax-
ies, much more consistent with the general SDSS population
(log sSFR = −10.0, however one also needs to correct here
for the flux lost outside the SDSS fibre).
4 DISCUSSION
4.1 A different progenitor channel for H-poor and
H-rich SLSNe
The first important result of this study is that SLSNe-II
come from different kinds of environments than SLSNe-I and
SLSNe-R. We have shown that they are found, on average,
in galaxies that are more massive, more enriched in metals
and where the gas is less ionized. Despite the small sample
of SLSN-II, these differences appear to be statistically sig-
nificant. This is a strong indication that if SLSNe-II consti-
tute a uniform class, they represent a different phenomenon
than H-poor SLSNe and that the progenitors of these events
are different. In the past, host galaxy differences have con-
tributed to the early recognition that SNe Ia constituted
a distinct population from CC SNe and that short GRBs
are due to a different physical mechanism than long GRBs.
All SLSNe-II studied here are scaled-up SNe-IIn and their
extreme luminosity can be primarily attributed to circum-
stellar material (CSM) interaction (e.g. Moriya et al. 2013;
Chatzopoulos et al. 2013). CSM interaction is also one of
the proposed luminosity sources for SLSNe-I (Chevalier &
Irwin 2011). This possibility is not ruled out by the observed
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Figure 4. Specific star formation rate versus stellar mass for various types of galaxies. The symbols are the same as in Fig.1. The CC
SN hosts are from the impartial sample of Kelly & Kirshner (2012). SNe Ic are marked with a square instead of a circle. The EELGs
occupy a different location on this graph than the majority of SDSS galaxies. H-poor SLSN hosts are broadly consistent with the locus
of EELGs. H-rich SLSN and GRB hosts are also found in the SDSS locus (although on the upper end).
differences with SLSN-II environments. The observed differ-
ences in the host environments suggest that, even if SLSNe-I
are CSM powered, it is unlikely that SLSNe-II are simply
SLSNe-I with some additional mass of H-rich CSM.
Two more SLSNe-II (IIn) not covered in this study sup-
port the idea that H-rich SLSNe explode in different envi-
ronments than H-poor SLSNe: SN 2006gy (Ofek et al. 2007;
Smith et al. 2007) and CSS100217 (Drake et al. 2011). The
former was found in the massive NGC 1260 at super-solar
metallicity, while the latter is a galaxy with a clear AGN con-
tribution, i.e. galaxies markedly different from those of H-
poor SLSNe. This supports that the differences seen within
the SUSHIES spectroscopic sample are unlikely to be due
to the small size of SLSN-II sub-sample.
Alternatively, SLSNe-II can represent a variety of
events, as CSM interaction can in principle mask any kind
of explosion below it (e.g. Leloudas et al. 2015). In this case,
a much larger sample of SLSNe-II will be needed in order to
statistically uncover the potential differences between their
environments. Furthermore, there are a few SLSN-II that
do not show narrow H lines in their spectra (Miller et al.
2009; Gezari et al. 2009; Benetti et al. 2014) and that have
sometimes been referred to as Type IIL. These objects are
c© 2002 RAS, MNRAS 000, 1–??
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not represented within the present SUSHIES spectroscopic
sample and therefore our conclusions do not apply to those.
4.2 A connection between H-poor SLSNe and
EELGs
We have demonstrated that there is a preference for H-
poor SLSNe to explode in EELGs and that this cannot be
a chance coincidence. The implications of this finding are
discussed below.
4.2.1 Implications for the SN progenitors
The extreme emission lines are thought to originate in star-
bursts at an early stage of their evolution (O¨stlin et al. 2001;
Izotov et al. 2011; Jaskot & Oey 2013; Amor´ın et al. 2014a).
In addition, they appear in a transient phase in the life of a
galaxy and this can be easily understood from the fact that
such high sSFRs cannot be maintained for a long period.
Dwarf galaxies have bursty SFH, possibly interrupted by
quiescent intervals, as can be seen in both observations (Ter-
levich et al. 2004; Lee et al. 2009) and simulations (Mart´ın-
Manjo´n et al. 2012; Shen et al. 2014). This can be explained
by the fact that outflows, caused exactly by SN feedback,
remove the gas from the dwarfs’ shallow potential well, thus
quenching star formation (e.g. Governato et al. 2010), un-
til this process starts over again when external or internal
causes trigger a new wave of star formation.
The fact that H-poor SLSNe appear to be connected
with this short-lived transient period suggests that they orig-
inate from the first stars in a newly born starburst. As the
strength of the emission lines reduces with time (Leitherer
et al. 1999; Zackrisson et al. 2001; Inoue 2011) and H-poor
SLSNe appear in galaxies that show larger EWs than GRB
hosts, we deduce that H-poor SLSNe occur earlier (on aver-
age) than GRBs in the life of a starburst. As a consequence,
the progenitor stars of H-poor SLSNe must be very massive.
Indicatively, O¨stlin et al. (2008) have estimated the stellar
population age at the location of a GRB to be of the order of
5-8 Myr, implying a progenitor mass greater than 25 M (or
50 M depending on the age limit). Similar stellar popula-
tion ages were found at the locations of other GRBs (Tho¨ne
et al. 2008; Levesque et al. 2010a). Leloudas et al. (2011)
and Kuncarayakti et al. (2013) find the majority of regular
SN Ibc explosions to also occur in regions where the latest
SF episode occurred 5-8 Myr ago, based on the Hα EW.
A significant fraction (∼20%), however, is found in regions
older than 10 Myr.
The [O iii] EW dependence on age is complex and de-
pends strongly on the escape fraction of ionizing photons
and on metallicity. At very low metallicity (below 1% solar)
there is not enough oxygen to produce strong lines, while
stars that are very metal-enriched do not produce enough
ionizing photons. Inoue (2011) finds that the highest EWs
are attained at ∼0.2 Z, exactly the metallicity regime
where most of our SLSNe are found. The same metallic-
ity dependence is found by Finkelstein et al. (2013) who are
based on Bruzual & Charlot (2003) models. In this metal-
licity regime, [O iii] EW values greater than 300 A˚ (400 A˚)
can only be associated with starbursts younger than 5 Myr
(4 Myr). Of course, this assumes a bursty SFH but, as ex-
plained above, this is appropriate for dwarf galaxies. These
stellar lifetimes can imply progenitors with initial masses
well exceeding 60 M (e.g. Woosley et al. 2002; Meynet &
Maeder 2005). For the host of PTF12dam, which is one of
the most extreme galaxies in our sample, Tho¨ne et al. (2014)
are able to place constraints on the age of the most recent
starburst, based on a number of age indicators. The most
constraining value points towards an age of ∼3 Myr (120
M) supporting the idea that (at least some) SLSNe likely
come from very young and very massive stars. The locations
of the SLSN-I/R hosts on the BPT diagram (Fig. 3) suggest
high effective temperatures in their environments (probably
> 50000 K; Jaskot & Oey 2013; Steidel et al. 2014). One way
to reach these temperatures is by the contribution of mas-
sive O stars, especially if these are evolving homogeneously
at low metallicity (Brott et al. 2011; Jaskot & Oey 2013).
It has been widely suggested that H-poor SLSNe are
powered by the spin-down of a rapidly rotating magnetar
(Kasen & Bildsten 2010; Inserra et al. 2013; Nicholl et al.
2013; Lunnan et al. 2014a), although the modulations seen
in the light curves of individual events (e.g. Leloudas et al.
2012; Nicholl et al. 2014) cannot be explained by this model.
Among the models proposed for H-poor SLSNe, the mag-
netar model is the only model that only requires a mod-
erate progenitor mass (Nicholl et al. 2013). Other models,
including CSM interaction and, especially pair-instability,
require a considerably more massive progenitor, as it can be
deduced by derived ejected, CSM and 56Ni masses (Chat-
zopoulos et al. 2013; Chen et al. 2014). Ways to explain
intensive mass loss prior to the explosion of a very mas-
sive star, and the formation of a massive CSM shell sur-
rounding it, have recently been proposed (Woosley et al.
2007; Quataert & Shiode 2012). It has also been shown that
the shells forming around fast-rotating stars evolving at low
metallicity can be H-poor (Chatzopoulos & Wheeler 2012).
Contrary to Lunnan et al. (2014a), we do not think that
arguments derived purely from environmental studies, and
based on the present findings, add support to the magnetar
interpretation of SLSNe-I/R. H-poor CSM interaction pro-
vides a viable alternative that is also compatible with the
observed environments of H-poor SLSNe.
We propose that it should be investigated whether the
extreme conditions in the birthplaces of H-poor SLSNe in-
fluence their extreme properties. In particular it should be
investigated whether the hard radiation field can directly in-
fluence the CSM interaction and thereby the SN light curves
and spectra. Such an investigation is beyond the scope of the
this paper.
After this manuscript appeared, Lunnan et al. (2014b)
presented a resolved study of H-poor SLSN environments
with HST. Following a method similar to Fruchter et al.
(2006) they argue that H-poor SLSNe appear to be less as-
sociated than GRBs with their host galaxy UV light. They
therefore disfavour our suggestion that H-poor SLSNe are
among the first stars to explode in a starburst but propose
instead that SLSN-I/R progenitors are less massive than
those of GRBs. The trend they present (the statistical sig-
nificance is low; p = 0.25) is not at odds with our interpreta-
tion because UV light does not probe star formation at the
same time-scales as Hα. UV light probes recent (16-100 Myr)
star formation, while Hα is sensitive to the ongoing SF over
shorter time-scales (e.g. Anderson et al. 2012). Although a
correlation between the two does exist, the weak associa-
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tion with UV light cannot be used to rule out a very young
star forming episode. An illustrative example to demonstrate
this, is the case of SN 1999as. Situated at a very large pro-
jected distance from its host galaxy (10.7 kpc; Schulze et al.,
in prep), it is located in a region of very low surface bright-
ness. However, placing the slit through the exact explosion
location we uncovered very strong line emission, indicative
of a young starburst and of star formation that was other-
wise hidden (Fig. B1).
Vreeswijk et al. (2014) also find differences between the
local environments of H-poor SLSNe and those of GRBs:
the Mg ii absorbers towards H-poor SLSNe appear weaker
than those towards GRBs. This could be explained by a
combination of SLSN hosts being typically less massive, and
therefore containing less gas on average, and by the gas being
more ionized than in GRB hosts.
4.2.2 Implications for the host galaxies
The preference of SLSNe to explode in star bursting dwarf
galaxies over regular galaxies and their likely association
with very massive stars, might indicate a bottom-light6 IMF
in these systems or during starburst events. Although such
an IMF is not required, it could also help explain the en-
hanced number of ionizing photons in H-poor SLSN envi-
ronments and their position in the BPT diagram. This is
not the first time that a bottom-light IMF has been sug-
gested for starburst environments or compact dwarf galaxies
(Nagashima et al. 2005; Ko¨ppen et al. 2007; Dabringhausen
et al. 2009; Weidner et al. 2011), but it is a completely inde-
pendent way to reach this conclusion. The possible variation
of the IMF with the environment is a topic that has not been
settled (see Bastian et al. 2010, and references therein), so it
is important to address this problem from many different an-
gles. SN-related arguments have been used previously to in-
fer conclusions regarding the IMF: Habergham et al. (2010)
have suggested that the IMF in disturbed and interacting
galaxies is top-heavy in order to explain the increased rate
of SNe Ibc compared to SNe IIP in these systems. In fact, the
conclusion reached here might be very similar as EELGs of-
ten demonstrate disturbed or interacting morphologies (e.g.
Amor´ın et al. 2014a) and so do SLSN-I/R hosts (see Lunnan
et al. 2014b). In addition, it is possibly hard to reconcile the
presence of so massive stars with a regular IMF and with the
limited mass in the gas reservoir of these galaxies, especially
considering the relatively low masses of the hosts.
A potentially important implication, especially for the
modelling of these galaxies, is the feedback returned by these
SNe. The kinetic energy estimates for these explosions are
model-dependent. Howell et al. (2013) argue that the values
reach 1052 erg, although other references give more modest
estimates of 2-5 1051 erg (Chatzopoulos et al. 2013). In any
case, it is possible that the energy output of these explosions
is significantly higher than the canonical value of 1051 erg
6 we are using the term bottom-light rather than top-heavy, al-
though the difference is mostly semantic. Top-heavy usually refers
to an IMF with a slope that is less steep than the canonical value,
while bottom-light usually means that low-mass stars are sup-
pressed, i.e. there is a low-mass cut-off, independent of the slope
(e.g. Dave´ 2008).
used in galaxy simulations (e.g. Stinson et al. 2006). Even if
the rate of SLSN is overall low (Quimby et al. 2013), their
preference for a specific type of galaxies might imply that
their feedback effect in these systems is worth investigating.
4.2.3 A new way to discover and study EELGs
The high percentage of EELGs among SLSN hosts (∼50%),
indicates that this can be an efficient way of detecting these
rare galaxies at distances beyond the local Universe. Distant
EELGs have hitherto been discovered with a variety of meth-
ods, including deep spectroscopic surveys (e.g. Atek et al.
2011; Amor´ın et al. 2014a,b), narrow-band imaging (Sobral
et al. 2013) or through colour-selection criteria (Cardamone
et al. 2009; van der Wel et al. 2011).
Discovering EELGs through a SLSN presents a method
complementary to the above but it can also offer some ad-
ditional advantages both in the detection and the study of
these galaxies. First, this method is completely independent
of the host galaxy magnitude and it was demonstrated that
it can probe also galaxies of lower luminosity and, therefore,
lower mass. In fact, except from the galaxies presented in
this paper, there exist SLSN hosts that are fainter (reaching
down to MB = −13) and that would evade detection even
in moderately deep imaging surveys (R ∼ 26 mag; Schulze
et al. in prep.). Spectroscopy for these objects will be ex-
pensive but will allow us to probe star formation at the
lowest mass scales. In addition, spectroscopy of the SLSN
gives the opportunity to study the host environment with
UV absorption spectroscopy (Berger et al. 2012; Vreeswijk
et al. 2014) as long as the redshift is high enough (z > 0.5)
so that the relevant UV absorption lines (H, Mg, Si, Fe, Zn)
are shifted to the optical or NIR. Absorption spectroscopy
probes metallicity in a way complementary to nebular emis-
sion lines but also opens an independent window to measure
the column densities, molecular and dust content and kine-
matics of EELGs. This method has been used successfully
with GRBs (e.g. Prochaska et al. 2007; Ledoux et al. 2009).
The number of SLSNe remains relatively small and their
redshift distribution depends on the discovery survey (e.g.
Quimby et al. 2011b; Lunnan et al. 2014a; Howell et al.
2013). However, in the near-future, the Large Synoptic Sur-
vey Telescope (LSST) will significantly increase the number
of SLSN discoveries and their redshift interval, making them
potentially useful tools for cosmology (Inserra & Smartt
2014). In addition, using innovative methods, Cooke et al.
(2012) have demonstrated that SLSNe can be observed up to
z = 4, while theoretical studies extend these predictions to
much higher redshifts (e.g. Whalen et al. 2013). Therefore,
large numbers of SLSN hosts (and therefore SLSN-selected
EELGs) will be discovered, allowing for the formation of
significant samples, redshift evolution studies and compari-
son with other selection methods. As demonstrated in Sec-
tion 3.1.1, among these galaxies there will also be a number
of very metal-poor systems. These will be ideal laborato-
ries to study massive star-formation and chemical evolution
under nearly pristine conditions (Kunth & O¨stlin 2000).
4.3 Potential biases
Several biases might affect our conclusions. We identify and
discuss the SLSN discovery selection bias, our target selec-
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tion bias and the redshift bias. Of those, the most significant
that we can identify is the selection method of SLSNe that
are discovered exclusively in the optical wavelengths. An
educative example for this comes from GRBs. Fynbo et al.
(2009) have shown that selecting GRBs through their op-
tical afterglow creates a bias against the more dusty sight
lines. ‘Dark’ GRBs (e.g. Jakobsson et al. 2004) are GRBs
with a faint (or no) optical afterglow with respect to X-rays,
and a big fraction of those are attributed to dust extinction.
The inclusion of dark GRBs in host galaxy studies has re-
vealed a significant number of redder, more massive, more
metal-rich and more dusty hosts (Kru¨hler et al. 2011; Per-
ley et al. 2013). As with GRBs, it is possible that we are
missing SLSNe in dusty environments, exactly because they
are extincted and more difficult to detect. If ‘dark’ SLSNe
explosions exist, they might indeed revise our host galaxy
population. A claim for an obscured SLSN has been made for
SN 2007va (Koz lowski et al. 2010). However, the SN nature
of this event is not entirely clear and optical observations are
lacking. Besides, the specific host is indeed of low luminos-
ity and metallicity and would thus not change the paradigm
presented here. However, Perley et al. (2013) have shown
that there still is a dearth of massive GRB hosts at low red-
shifts (z < 1.5) where our study is made, so this might also
turn out to be the case for SLSNe. In addition, the ‘litera-
ture’ GRB sample that we are using is largely pre-Swift and
mostly selected in the optical. Therefore, if biased at all, it is
biased towards less massive galaxies. This suggests that the
real difference between GRB hosts and the present SUSHIES
H-poor SLSN sample might be even larger. Finally, TOUGH
(Hjorth et al. 2012) detected all z < 1 GRB hosts, creating
an unbiased and complete sample. These galaxies are still
more luminous than H-poor SLSN hosts (the full SUSHIES
sample; Schulze et al., in prep.).
It does not appear that this optical selection bias prob-
lem will be solved anytime soon. H-poor SLSNe have not
been detected in the X-rays (with one possible exception;
Levan et al. 2013) or the radio and, therefore, the optical
seems the only realistic discovery channel. Furthermore, it
is not clear whether the different (optical) surveys select
SLSNe in different ways and how these differences affect the
sample (for an extensive discussion see Lunnan et al. 2014a).
Until this problem is solved, our conclusions will concern the
hitherto known population of SLSNe.
The ‘spectroscopic’ sample studied in this paper did not
include the hosts of all known SLSNe. This constitutes our
target selection bias. Some hosts were simply not included
because of a combination of observing constraints (visibil-
ity) and available telescope time. Most importantly, a few
SLSN hosts (e.g. PTF09atu, SN 2008es) were not observed
because they were found to be too faint (R > 26 mag) and
spectroscopy was very expensive. It is very likely that this
does create a bias between the spectroscopic and the overall
SUSHIES sample. However, this bias would work towards
extending the SLSN host mass distribution towards lower,
not higher, masses and would therefore bring it even further
away from the regular CC SN and GRB host distribution.
We are presently extending our spectroscopic observations
to cover both galaxies that were not observed and fainter
and more distant galaxies.
The redshift bias does not appear very significant. As
shown in Section 2.3, all samples used in this paper are at
comparable redshifts (with the exception of CC SNe). In-
dicatively, the sSFR for the ‘main sequence’ of galaxies in-
creases only by a factor of 1.85 between z = 0 and z = 0.3
and a factor of 1.72 between z = 0.3 and 0.6 (Elbaz et al.
2011). These differences correspond to systematic offsets of
∼0.25 dex. Such an offset cannot reconcile the dramatic dif-
ferences seen in Fig. 4 between H-poor SLSN hosts and the
CC SN hosts and SDSS galaxies at z = 0. At the same time,
accounting for this offset would even reduce the effective
difference between H-poor SLSNe and the VUDS EELGs
(which are found at higher z). At the same redshift interval
there is also no significant average metallicity evolution (e.g.
Savaglio et al. 2005), able to explain the observed difference.
5 SUMMARY AND CONCLUSIONS
We have presented SUSHIES, a project to study the envi-
ronments of SLSNe. This paper focuses on SLSN hosts with
spectroscopy; the present sample consists of 23 host galax-
ies, out of which 16 were observed with our own programmes
and seven were retrieved from archives. We measure emis-
sion line fluxes and equivalent widths and compute metallic-
ities, flux ratios, ionization parameters and star formation
rates. Our results are compared with those derived for other
relevant galaxy samples, such as EELGs and the hosts of
GRBs and CC SNe. For all comparison samples, all proper-
ties have been re-derived consistently based on the emission
line fluxes (when available). The main conclusions of this
study are as follows:
(i) We do not see any significant difference between
SLSN-I and SLSN-R hosts in the present sample and for the
properties examined here. For this reason, we group them
together in H-poor SLSNe.
(ii) H-poor SLSNe explode in low-mass, metal-poor
galaxies with high sSFR (median values in the spectroscopic
sample: 108.0 M, 0.27 Z, 10−8.8M yr−1).
(iii) Our H-poor sample also includes a number (3/16)
of very metal-poor galaxies (below 10% solar) as measured
directly through the detection of the auroral [O iii] λ4363
line.
(iv) H-poor SLSN hosts have remarkably strong emission
lines. In this sample, ∼50% have [O iii] EW > 100 A˚, with
a median of 190 A˚ and values reaching 800 A˚. This cannot
be a chance coincidence.
(v) H-poor SLSN hosts show strong similarities with
EELGs and share many common properties with these
galaxies.
(vi) GRBs explode, on average, in less extreme and higher
mass galaxies than H-poor SLSNe.
(vii) We suggest that H-poor SLSNe are the result of the
first stellar explosions in a starburst and that they occur
earlier, on average, than GRBs. This indicates that they
probably result from very massive stars.
(viii) These findings could possibly support a bottom-
light IMF in starburst environments. It should be investi-
gated whether the feedback returned by these explosions
affect the evolution and modelling of these systems.
(ix) H-poor SLSNe present a novel method of selecting
EELGs independent of their luminosity. They offer a way to
probe star formation at the faint end of the galaxy luminos-
ity function. This will become particularly interesting in the
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near future in view of LSST that will discover large samples
of SLSNe over a wide redshift range.
(x) We have also (for the first time) presented a system-
atic study of SLSN-II (H-rich) hosts. These occur in differ-
ent environments than H-poor SLSNe: more massive, more
metal-rich and with softer radiation fields. This suggests
that the progenitors of these systems are different and that
it is unlikely that SLSNe-II are just SLSNe-I surrounded by
some additional H-rich CSM.
These conclusions will be tested in the future as
SUSHIES continues to obtain data for SLSN hosts.
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APPENDIX A: NOTES ON INDIVIDUAL
OBJECTS
A1 PTF10vqv
For this galaxy we used direct integration to measure the
line fluxes, as Gaussian profiles did not provide accurate fits
at the resolution of X-shooter. This could possibly indicate
multiple kinematic components in this host.
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A2 PS1-10bzj
We were not able to satisfactorily match the multi-band pho-
tometry for this galaxy provided by Lunnan et al. (2013) by
scaling and warping the host galaxy spectrum and by doing
synthetic photometry. For this reason, we finally did not ap-
ply any photometry scaling correction. This might explain
some discrepancies with values reported in this paper.
A3 PTF11dsf
The observations of this galaxy contain a few peculiarities.
Our photometry (Table 2 and Schulze et al. in prep.) is quite
discrepant from the one obtained by SDSS (it is brighter
than in SDSS). In addition, the spectrum shows a broad
component under both the Hα and the [O iii] line (Fig. B3).
This can possibly indicate a contribution from a persisting
SN or from AGN activity. Such a broad component is also
rarely seen in star forming galaxies and can be attributed to
strong outflows caused by SN winds (Amor´ın et al. 2012b).
Since this is a SLSN-II, the contribution of a long-lasting SN
two years after discovery can not be excluded. We note that
if SN flux contaminates our measurements, this will only
increase the observed difference of H-rich to H-poor SLSN
hosts, as the host of PTF11dsf was the one with the largest
similarities to H-poor SLSN hosts.
A4 PTF12dam
We have adopted a host galaxy extinction from the ratio
of Hγ to Hβ (and not from Hα to Hβ as done with all
other galaxies for which Hα is available). This was done
because both Hγ and Hβ have sufficient S/N and they are
found on the side of the spectrum obtained with the same
(bluer) grism. This explains a small discrepancy with the
value adopted by Tho¨ne et al. (2014) who are (partially)
based on the same data.
APPENDIX B: INDIVIDUAL SPECTRA AND
LINE FLUXES
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Table B1. Line fluxes, corrected for foreground Galactic extinction. Units: 10−17 erg s−1 cm−2. Upper limits are 2σ. The SNe are
listed by discovery year. For three SNe we provide measurements at two different locations.
SLSN host [O ii] λλ3727,29 [O iii] λ4363 Hβ [O iii] λ4959 [O iii] λ5007 Hα [N ii] λ6584
SN 1999as 29.81 (2.81) . . . 3.26 (1.46) 3.65 (0.65) 10.95 (1.94) 17.96 (1.41) 4.88 (0.58)
– SN location < 7.96 . . . 3.14 (0.49) 4.59 (0.33) 13.76 (0.99) 11.57 (0.81) < 1.21
SN 1999bd 82.53 (3.42) . . . 24.26 (3.12) 12.63 (3.17) 35.57 (3.49) 112.75 (3.20) 34.92 (1.68)
SN 2006oz 3.34 (0.39) . . . 0.91 (0.36) 0.98 (0.35) 3.52 (0.40) 3.13 (0.32) < 1.17
SN 2006tf 45.15 (2.91) . . . 11.12 (1.24) 11.23 (1.42) 30.02 (1.40) 49.02 (1.37) 4.62 (0.66)
SNLS 06D4eu 3.74 (0.17) . . . 1.60 (0.22) 1.98 (0.23) 6.09 (0.30) 3.72 (0.18) 0.38 (0.07)
SN 2007bi 5.73 (0.43) . . . 1.78 (0.26) 1.86 (0.09) 5.57 (0.27) 5.82 (0.33) 0.38 (0.13)
SN 2008am 57.64 (3.17) . . . 18.47 (1.95) 14.31 (1.85) 41.05 (2.78) 75.01 (3.95) 10.31 (0.95)
SN 2009jh . . . . . . . . . . . . < 0.30 < 0.30 . . .
PTF09cnd 16.17 (0.75) . . . 3.92 (0.42) 4.40 (0.48) 13.39 (0.68) 13.50 (0.14) 1.11 (0.34)
SN 2010gx 18.37 (1.02) 3.29 (0.40) 15.39 (0.58) 25.35 (0.54) 75.64 (0.64) 57.07 (0.40) 0.88 (0.14)
SN 2010kd 15.97 (2.66) 2.52 (0.78) 15.86 (0.85) 25.48 (0.82) 76.99 (0.95) 48.52 (0.68) 1.44 (0.37)
PTF10hgi 4.47 (0.44) . . . 0.56 (0.23) 0.87 (0.21) 2.86 (0.23) 3.97 (0.18) 0.61 (0.11)
PS1-10bzj 11.96 (0.68) 0.83 (0.24) 12.30 (0.76) 25.31 (0.60) 74.38 (0.82) . . . . . .
PTF10heh 6.60 (0.24) . . . 3.29 (0.33) 2.89 (0.37) 8.89 (0.44) 7.96 (0.30) 1.01 (0.11)
PTF10qaf 67.74 (3.46) . . . 37.58 (4.45) 7.61 (1.71) 22.82 (5.12) 138.47 (3.16) 55.34 (1.50)
– SN location 19.50 (1.59) . . . 7.15 (2.99) 4.21 (1.25) 12.63 (3.74) 14.43 (1.58) 3.09 (1.02)
PTF10vqv 8.27 (0.06) 0.59 (0.18) 6.29 (0.03) 9.87 (0.02) 30.04 (0.03) 11.84 (0.03) < 0.48
SN 2011ke 49.49 (1.46) 5.72 (0.39) 50.61 (0.85) 70.08 (0.94) 213.88 (1.49) 148.02 (1.14) < 1.65
– tadpole tail 9.37 (0.42) . . . 1.85 (0.12) 2.41 (0.14) 6.24 (0.28) 6.65 (0.21) < 0.68
SN 2011kf 4.99 (1.11) . . . 2.69 (0.32) 4.24 (0.54) 12.44 (0.63) 9.61 (0.46) < 1.02
PS1-11ap 11.15 (0.85) . . . 3.69 (0.45) 4.42 (0.56) 13.26 (1.69) . . . . . .
PTF11dsf 93.96 (3.98) . . . 35.08 (1.96) 35.89 (2.70) 135.49 (2.61) 102.35 (3.01) < 5.94
SN 2012il 35.71 (1.80) 3.89 (0.76) 28.00 (1.80) 54.29 (1.96) 161.05 (2.64) 83.77 (2.34) < 3.05
PTF12dam 1299.56 (4.78) 70.59 (0.85) 842.95 (1.76) 1667.82 (2.40) 5006.93 (4.05) 3006.39 (2.19) 102.43 (0.35)
SSS120810 14.80 (3.07) . . . 5.51 (1.29) 3.57 (0.74) 12.28 (1.38) 16.67 (1.03) < 1.31
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Figure B1. Low-resolution spectra of SLSN-I and SLSN-R hosts with increasing redshift. The main emission lines are labeled in the
top panel. Green ticks mark their locations in every panel (except when they are very strong). The error spectrum is shown in red. Many
skyline residuals have been removed manually for presentation purposes. For SN 1999as and SN 2011ke we show spectra both at the
exact explosion location and at the galaxy nucleus.
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Figure B2. More low-resolution spectra of H-poor SLSN hosts (see Fig. B1 for a description of the lines and symbols). In most H-poor
SLSN host spectra we observe that the ratio of [N ii] (if detected at all) to Hα is low, indicating low metallicity. At the same time we
observe a high [O iii] to [O ii] ratio, indicating high ionization. Most H-poor SLSNe explode in galaxies that can be classified as EELGs.
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Figure B3. Low-resolution spectra of SLSN-II hosts (see Fig. B1 for a description of the lines and symbols). For PTF10qaf we show
both a nuclear galaxy spectrum and a spectrum extracted at the SN location. Overall, SLSN-II host spectra show a higher [N ii] to
Hα and a lower [O iii] to [O ii] ratio than H-poor SLSN hosts. PTF11dsf demonstrates a broad base on the Hα line (see discussion in
Appendix A3).
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Figure B4. X-shooter medium resolution spectra of SLSN hosts. We only show the portions containing the most important emission
lines (labeled in the top panels). The error spectrum is shown in red. For presentation purposes the flux density of a few lines (all [N ii]
and a single Hβ line) has been multiplied by a constant factor as indicated in the corresponding panels. SN 2009jh is not shown as we
do not detect neither continuum nor line emission.
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